Background: Breast cancer is a leading cause of cancer death for women. Disparities in patient survival should be investigated to improve treatment and prevention methods. The SEER cancer registries have collected most of the breast cancer data for Michigan and California compared to other states. It is important to discern whether there are racial and ethnic differences in age of diagnosis and survival times for the breast cancer patients. Therefore, this study examines variations in age of diagnosis and survival time for breast cancer patients in California and Michigan for four ethnic populations: White Hispanics, White non-Hispanics, Black Hispanics, and Black non-Hispanics.
Introduction
Breast cancer is the most commonly diagnosed cancer in women in the U.S. and is a serious public health issue that needs to be addressed. Breast cancer affected an estimated 246,660 lives in 2016 alone, with an estimated 30% of newly-diagnosed cancer cases in the U.S. to have been breast cancer diagnoses [1, 2, 3] . An additional 40,610 female deaths are expected in 2017 due to breast cancer [4] . Breast cancer has a widespread impact, and places a significant financial burden on the population. In 2010, the prevalence costs of cancer care in the United States were totaled around $124.5 billion, with breast cancer draining the most money of all other cancers at $16.5 billion [4] . By 2020, this cost is estimated to increase to $20.2 billion. Better understanding of the breast cancer patient population in the U.S. could reduce costs through prevention.
There are disparities in survival and diagnosis statistics between different races and ethnicities among breast cancer patients. Compared to African Americans in the United States, Caucasians have a much higher incidence of breast cancer among women aged 40 or older [1, 2] . Caucasians are shown to also have much higher survival rates and better overall prognosis compared to African Americans. African Americans, Hispanic Whites, and American Indians have poorer disease-specific survival rates and have a higher incidence of being diagnosed with hormone receptor negative tumors [5, 6] . Although African Americans have a lower incidence of breast cancer compared to other races, they typically have a higher incidence of more aggressive subtypes of breast cancer, such as triple-negative breast cancer. More aggressive subtypes are typically classified by tumor expression of Estrogen Receptors (ER), Progesterone Receptors (PR), and Human Epidermal Growth Factor Receptor 2 (HER2) [7] . ER tumors are classified as either ER-positive or ER-negative, with ER-positive tumors having a marginally better survival rate due to a response to endocrine therapy [8] . Estrogen essentially fuels a growing breast cancer; thus the presence of estrogen receptors is a good indicator of a more aggressive tumor. The absence of PR expression in ER -positive tumors may scramble typical growth signaling which contributes to tamoxifen resistance [9] . HER2-positive tumors have been associated with increased recurrence rates, occurrence in younger women, higher nuclear grade suggesting increased tumor aggressiveness, positive margins during tissue excision (cancer cells extending beyond the area of tissue removed), and increased mortality [10] . The study of survival time differences among different racial and ethnic populations of breast cancer patients could reveal information for clinicians to better address breast cancer. Hispanic Americans also have high incidence rates of specific cancers compared to Caucasians. Despite this known increased incidence in this group, there have been limitations in their involvement in cancer prevention programs [11] . Compared to other ethnicities, Hispanic American and African American women are less likely to undergo breast cancer screening [12] . This could be due to cultural beliefs and decreased awareness or education of cancer risk factors, which can be influential on breast cancer screening [13] . A lack of screening can cause a patient to be diagnosed at a later stage of cancer, leading to a decreased survival time and a less optimistic treatment plan [14] . Furthermore, several psychological barriers exist, such as fear of a cancer diagnosis as well as fear of pain with mammogram procedures, which may play a role in limiting breast cancer prevention programs in the Hispanic female population [15] . In order to have a culturally appropriate response to the Hispanic population, it is important for physicians and public health officials to consider the importance of cultural competence in prevention methods.
Other potential factors influencing a patient's survival time and time of diagnosis include low socioeconomic status, a reduced access to healthcare, and a lower frequency of mammography and screening [14] . Some studies have also shown a link between an increased Body Mass Index (BMI) and high-grade cancers [16] . Further investigation could determine if unidentified environmental exposures or genetic differences are causing racial disparities in breast cancer incidence and survival times. In order to ease these high rates of incidence and increase patients' survival time, preventive programs should be targeted to high-risk populations for breast cancer. In 2009, the United States Preventive Services Task Force (USPSTF) focused on mammography screening for women ages 50 and older and stated in a report that "women ages 40-49 attain less benefit with more risk" from mammography screening [17] . This was due to the lack of additional research to study the benefits of early mammography screening, as well as the fact that mammograms were not yet fully covered by all insurance companies [17] . In recent years, more emphasis has been placed on earlier mammography screenings. Emphasis on earlier mammography screening was reinforced with the 2016 legislature from the Affordable Care Act (ACA) that ensures most all insurance companies fully cover mammograms in women age 40 and over with no cost sharing [17] . A recent study examined the effects of the USPSTF public announcement on screening rates for breast cancer, of which a small reduction was found [18] . Similar methods could be used as tools for the future to increase awareness and screening rates in high-risk populations, and indirectly improve survival times in women of all races and ethnicities [18] . Extensive study in the differences between survival of breast cancer patients among various states and ethnicities can be found in the works of Khan, et al. [19] [20] [21] [22] . These studies have thorough analyses of the SEER data to investigate the geographic, socioeconomic, and racial effects on breast cancer patients and their treatment and survival. These populations should be further investigated to discover possible reasons for higher incidence rates and other possible methods to prevent them.
The present study considers breast cancer patient data from two representative states, Michigan and California because these two states were chosen to represent discrete regions in the United States. Michigan provides a data sample representative of the breast cancer population in northern region of the U.S., and California provides a data sample for western region. The majority of the data from the SEER cancer registries is found for Michigan and California, therefore, this study considers only those two states.
A study of Michigan breast cancer survival rates from the years 1985 -2002 from the Michigan Cancer Surveillance Program found that White non-Hispanics had significantly better survival rates compared to African Americans throughout southern Michigan. However, when Michigan was divided into smaller geographic areas, the differences in breast cancer survival rates were no longer evident. Smaller geographic areas could be more cohesive with access to screening facilities and healthcare. This cohesion could explain the lack of racial disparity with breast cancer outcomes in smaller geographic areas, and presents the idea that breast cancer survival rates may not be due to racial disparity but regional disparity in Michigan [23] . Another study examined the breast cancer outcomes of Michigan by race, socio-economic status, incidence, stage at diagnosis, screening, mortality, and survival among women ages 50 years and older from 1987-2005. The study also reported the highest breast cancer mortality rates were from African Americans, patients with low health care resource availability zip-codes, and low socio-economic status zip-codes [5].
In California, incidence rates and mortality rates due to breast cancer decreased in 2016, by 8% and 36%, respectively [24] . In 2013, California had 25,632 new cases of breast cancer with 4,361 breast cancer-attributable deaths [24] . According to a 2011 study by the California Department Of Health Care Services (CDHCS), the age-adjusted rate of breast cancer in women was 122 per 100,000, with the highest incidence rate in White women (123 per 100,000), the second highest rate in Black women (121 per 100,000), and the lowest in Hispanic women (92 per 100,000) [25] . The highest mortality rates were in Black women (32 per 100,000), despite having a lower incidence than White women [25] . In 2012, there was a higher rate of screening in women who were nationally insured (76%)than in women who had Medicaid (52%) [25] . Lower socioeconomic status could be an indicator of risk for women when it comes to breast cancer. The CDHCS also showed that in 2012 Asian/Pacific Islander women were the most likely to have undergone mammography screening in the last two years 54%, followed by Latino women 52%, White women 44%, Black women 39%, and finally American Indian/Alaska Native women 37% [25] . Understanding state-specific screening rates allows policy makers to address disparities in each state.
Both Michigan and California have resources for people with a low socioeconomic status and for those who are uninsured. The Breast Cancer And Cervical Cancer Control Navigation Program (BCCCNP) in Michigan provides free mammography screenings for women ages 40 to 69 who have a low income and are uninsured [26] . In California, the Every Woman Counts (EWC) program provides free breast cancer screenings to lowincome women as well as educational and preventive services in the community [25] . Further studies could determine why the majority of women who do not participate in mammography screenings are most commonly eligible for such programs. Many women who are uninsured or on a low coverage service such as Medicaid have co morbidities that severely lower their survival time and chance for a full recovery [27] . However, opportunities for free quality care for uninsured, low income women drastically decrease post-diagnosis [27] . Limitations in accessibility of care could be contributing factors in racial disparities. The purpose of this study is to determine if there exists a significant difference between various racial and ethnic groups in Michigan A summary of statistics was calculated for age of diagnosis (years) and survival duration (months) for each ethnic population in Michigan and California. The Cox Proportion Hazard Ratio function and goodness-of-fit assessments for numerous probability distributions were used to compare the survival between each race and ethnic group. A cross tabulation analysis was performed between categories of age of diagnosis, and race and ethnicity. Probability distributions were analyzed for each ethnic group for both California and Michigan. The SPSS statistical software (version 23.0), Easy fit distribution fitting software (version 5.5), and descriptive and inferential statistics were used to analyze the data [28, 29] .
Results and Discussion
This study investigated the differences in age of diagnosis and mean survival time between race and ethnicity for breast cancer patients. The mean age of diagnosis for White Hispanics, White non-Hispanics, Black Hispanics, and Black non-Hispanics are listed for each state in Table1. In Michigan, the lowest mean age of diagnosis was found in White Hispanics at 56.9 years (SD = 13.9). Black Hispanics in Michigan had a mean age of diagnosis slightly higher than the lowest group, at 57.1 years (SD = 14.5), followed by Black non-Hispanics at 58.5 years (SD =14.1). The highest mean age of survival for Michigan was found in White nonHispanics at 62.2 years (SD = 14.0). In California, Black Hispanics had the lowest mean age of diagnosis at 55.5 years (SD=14.9). The next highest mean age of diagnosis was in White Hispanics at 59.2 years (SD = 14.6), followed by Black non-Hispanics at 59.2 years (SD = 14.4). White non-Hispanics also had the highest mean age of diagnosis in California at 62.8 years (SD = 14.1). Independent samples t-tests were performed at a 5% level of significance and it was found that White Hispanics in California had a significantly higher mean age of diagnosis than White Hispanics in Michigan (p < 0.001).
The mean survival times for each ethnic group are also listed for the two states along with the mean age of diagnosis in Table  1 . The lowest survival time found for Michigan was for Black Hispanics at 78.1 months (6.5 years; SD = 62.2 months), followed by Black non-Hispanics at 93.7 months (7.8 years; SD = 89.1 months), and White Hispanics at 101.0 months (8.4 months; SD = 89.5 months). The highest survival time in Michigan was in White non-Hispanics at 111.5 months (9.3 years; SD = 94.2 months). In California, Black non-Hispanics showed the lowest mean survival time at 102.9 months (8.6 years; SD = 93.0 months), followed by White Hispanics at 107.9 months (9.0 years; SD = 95.2months), and Black Hispanics at 110.7 months (9.2 years; SD = 100.3 months). White non-Hispanics in California had the highest mean survival time at 125.8 months (10.5 years; SD = 102.1 months). Independent samples t-tests were performed at a 5% level of significance and it was found that White non-Hispanics, Black Hispanics, and Black non-Hispanics in California had significantly higher mean survival times compared with Michigan (p < 0.05). A comparison between each state for the mean ages of diagnosis is shown in Figure 2 . This figure shows that there are not many differences between California and Michigan on the mean age of diagnosis except there was a difference between the mean ages of diagnosis for White Hispanics. White Hispanics in California had a significantly higher mean age of diagnosis than White Hispanics in Michigan (p < 0.001). The lack of statistical significance for Black Hispanics could be due to small sample size in each state. Table 2 describes the distribution of breast cancer patients from the population available in the SEER database for each state. A Chi-squared analysis of the frequencies of ethnicities between Michigan and California was significant at α = 0.01 level (p<0.001). The distribution of ethnicity for both Michigan and California from the available population in the SEER database. Chi-squared distribution of the relationship between ethnic groups and state were found to be statistically significant (p < 0.001). Table 3 shows a cross tabulation analysis describing the relationship between age at diagnosis, and race and ethnicity in California and Michigan. Age of diagnosis is split into four different categories including, ages less than 30, ages 30 to 49 years, ages 50 to 69 years and ages that fall at or above 70 years. Percentages of frequencies were taken as a part of the total number of patients in each age category. In Michigan, the highest percentage of patients for the less than 30 age group was White Hispanics (44.8%), for the 30-49 age groups it was White Hispanics (38.6%), for the 50-69 age group, Black non-Hispanics (33.2%), and for the greater than 70 age group, White non-Hispanics (41.7%). In California, the highest percentage of patients for the less than 30 age group was Black non-Hispanics (40.9%), for the 30-49 age groups it was White Hispanics (35.8%), for the 50-69 age group, Black nonHispanics (32.9%), and for the greater than 70 age group, White non-Hispanics (39.1%). Table 4 shows the Cox Proportion Hazard ratios for survival times of breast cancer patients in Michigan and California. In Michigan, with Black non-Hispanics as the reference group, Black Hispanics had the highest hazard ratio at 1.014(95% CI: 0.709, 1.449), followed by White non-Hispanics at 0.726 (95% CI: 0.642, 0.821), and White Hispanics at 0.716 (95% CI: 0.627, 0.817). The hazard ratios for White non-Hispanics and White Hispanics were statistically significant at α = 0.01 level, showing higher survival than the reference group, Black non-Hispanic. In California, with Black non-Hispanics as the reference group, Black Hispanics had the highest hazard ratio value at 0.799 (95% CI: 0.602, 1.061), followed by White non-Hispanics at 0.681 (95% CI: 0.601, 0.770), and White Hispanics at 0.671 (95% CI: 0.588, 0.766). The hazard ratios for White non-Hispanics and White Hispanics were also statistically significant at α = 0.01 level, showing higher survival than the reference group, Black non-Hispanic. Table 5 shows a goodness-of-fit assessment for the survival probabilities for each ethnic subgroup in California and Michigan. There were two primary distributions that were followed by the different sub-populations: t-distribution, and Chi-squared distribution. For Michigan the highest Chi-squared value for those groups that followed t-distribution was in White Hispanics. Black Hispanics were the only group that followed the chi-squared in Michigan. In California among those groups that followed the t-distribution, White Hispanics contributed to the highest Chisquared value. Similar to Michigan, Black Hispanics were the only group in California that followed the Chi-squared distribution.
Conclusions
This study considers two states showing the differences in age of diagnosis and survival times for breast cancer patients among different racial and ethnic groups. The mean age of diagnosis was almost similar between Michigan and California. In Michigan, the difference between the highest and lowest mean age of diagnosis for White non-Hispanics and White Hispanics was 5.3 years. In California, the difference between the highest and lowest mean age of diagnosis for White non-Hispanics and Black Hispanics was slightly higher at 7.3 years. These disparities may be due to genetic differences in the population, socioeconomic differences, or differences in health care policies between each state. The differences between states for mean survival times were more consistent than the differences between the mean ages of diagnosis. California showed consistently higher survival times across all four ethnic groups. This is also observed in the individual survival curves for each state. The survival curve for California has less apparent disparities between the highest and lowest groups than in the survival curve in Michigan. Black Limitations to this study include the availability of demographic and socioeconomic data. SEER is a reliable source for cancer data but lacks some specific variables and characteristics that could provide information for physicians and public health officials to tailor prevention and intervention methods to specific populations. This analysis of breast cancer patient survival includes only two states. Michigan and California were chosen to represent two separate regions of the U.S., but only considering two states also limits the scope of this study. Another limitation of this study includes the small sample sizes for the Black Hispanics group in both states. Due to a lack of available data, this group had a much smaller sample size compared to the other three ethnic groups. This could affect the apparent impact of breast cancer on this subgroup and it is important that breast cancer in this ethnic group is explored further.
The results show there is a significant difference between the mean survival times, and therefore, we can assume that these different demographics have different factors affecting breast cancer rates in their populations. Further studies should analyze these differences to help tailor preventive programs for each of these populations. This could cause incidence rates to decline and no longer have significant disparities between various racial and ethnic populations.
